
Chapter 23

Confounding

1 General Purpose
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In the above study the treatment effects are better in the males than they are in the

females. This difference in efficacy does not influence the overall assessment as

long as the numbers of males and females in the treatment comparison are equally

distributed. If, however, many females received the new treatment, and many males

received the control treatment, a peculiar effect on the overall data analysis is

observed as demonstrated by the difference in magnitudes of the circles in the

above figure: the overall regression line will become close to horizontal, giving rise

to the erroneous conclusion that no difference in efficacy exists between treatment

and control. This phenomenon is called confounding, and may have a profound

effect on the outcome of the study. This chapter shows how to assess confounded

studies with continuous outcome data. Confounded studies with binary outcome

data are reviewed in the Chap. 40.
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2 Schematic Overview of Type of Data File
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3 Primary Scientific Question

How can confounded studies be assessed.

4 Confounding Assessed with Subclassification

Confounding can be assessed by the method of subclassification. In the above

example an overall mean difference between the two treatment modalities is

calculated.

For treatment zero

Mean effect� standard error (SE) ¼ 1.5 units� 0.5 units

For treatment one

Mean effect� SE ¼ 2.5 units� 0.6 units

The mean difference of the two treatments

¼1.0 units� pooled standard error

¼1.0� √ (0.52 + 0.62)

¼1.0� 0.61

The t-value as calculated ¼ 1.0 / 0.61¼ 1.639
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With 100-2 (100 patients, 2 groups)¼ 98 degrees of freedom the p-value of

difference is calculated.

The above t-table has a left-end column giving degrees of freedom (� sample

sizes), and two top rows with p-values (areas under the curve¼ p - values), one-tail

meaning that only one end of the curve, two-tail meaning that both ends are assessed

simultaneously. The t-table is, furthermore, full of t-values, that, with 1 degrees of

freedom, are equal to z-values (Chap. 36). The t-values are to be understood as mean

results of studies, but not expressed in mmol/l, kilograms, but in so-called SEM-units

(Standard error of the mean units), that are obtained by dividing your mean result by

its own standard error. With many degrees of freedom (large samples) the curve will

be a little bit narrower, and more in agreement with nature.
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We have 98 degrees of freedom, and, so, we will need the rows between

60 and 120 to estimate the area under curve of a t-value of 1.639. A t-value larger

than 1.980 is required for an area under curve significantly different from zero

(¼ p-value< 0.05). Our area under the curve of 1.639 is much larger than 0.05. We

cannot reject the null-hypothesis of no difference in the data here.

In order to assess the possibility of confounding, a weighted mean has to be

calculated. The underneath equation is adequate for the purpose.

Weighted mean ¼ Differencemales=its SE
2 þ Differencefemales=its SE

2

1=SE2
males þ 1=SE2

females

For the males we find means of 2.0 and 3.0 units, for the females 1.0 and 2.0 units.

The mean difference for the males and females separately are 1.0 and 1.0 as

expected from the above figure. However, the pooled standard errors are different,

for the males 0.4, and for the females 0.3 units.

According to the above equation a weighted t-value is calculated

Weighted mean ¼ 1:0=0:42 þ 1:0=0:32ð Þ
1=0:42 þ 1=0:32ð Þ

¼ 1.0

Weighted SE2 ¼ 1= 1=0:42 þ 1=0:32
� �

¼ 0.0576

Weighted SE ¼ 0.24

t-value ¼ 1.0/0.24 ¼ 4.16

According to the above t-table with 98 degrees of freedom a t-value of 4.16 is

much larger than the critical t-value producing a p< 0.05. Our result is very

significant: p-value¼<0.001.

The weighted mean is equal to the unweighted mean. However, its SE is much

smaller. It means that after adjustment for confounding a very significant difference

is observed.

5 Conclusion

Other methods for assessing confounding include multiple regression analysis and

propensity score assessments. Particularly, with more than a single confounder

these two methods are unavoidable. Propensity score assessments is covered in

the Chap. 32.
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6 Note

More background, theoretical and mathematical information of confounding is

given in Statistics applied to clinical studies 5th edition, Chap. 28, Springer

Heidelberg Germany, 2012, from the same authors.
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